Abstract. Hepatocellular carcinoma (HCC) is a common malignant tumor worldwide, with high morbidity and mortality. Chronic infection with hepatitis B virus (HBV) is a major risk factor for the development of hepatocellular carcinoma and the majority (~80%) of hepatocellular carcinoma patients in China exhibit co-morbidity with HBV-associated liver cirrhosis. The goal of reliable early diagnostic and prognostic techniques for HBV-associated HCC remains unrealized. The aim of the present study was to explore the efficacy of serum high-sensitivity C-reactive protein (hs-CRP) tests in the early diagnosis of HCC in patients with HBV-associated liver cirrhosis. A cohort of 493 patients with HBV-associated liver disease was divided into three groups: Chronic HBV (CHB) group; liver cirrhosis without HCC (LC) group; and liver cirrhosis with HCC (HCC) group. A further 47 healthy individuals comprised the healthy control (CN) group. Comparative analyses of clinical symptoms, histopathology, ultrasound imagery, computed tomography, magnetic resonance imaging, biochemistry [α-fetoprotein (AFP) and liver function enzymes], and hs-CRP tests were conducted across these four groups. Immunohistochemical analysis showed that CRP is strongly expressed in HCC tumor tissue, but is not expressed elsewhere. Analyses of the correlations between serum hs-CRP levels and HCC clinical parameters indicated that there was no correlation between serum hs-CRP levels, tumor Edmondson grade, tumor-node-metastasis stage and AFP status. Serum hs-CRP and AFP levels were found to be significantly elevated in the HCC group compared to those in the LC, CHB and CN groups (P<0.01). Receiver operator characteristic analysis showed that measurement of serum hs-CRP could differentiate HCC from HBV-associated liver cirrhosis, as well as increase the accuracy of HCC diagnoses. Additionally, measurement of hs-CRP and AFP together improved diagnostic accuracy for HCC compared with either test alone. Serum hs-CRP could have potential as an effective diagnostic tool to complement AFP in diagnosing HCC and improving the identification of AFP-negative HCC in patients with HBV-associated liver cirrhosis. The present findings may facilitate the earlier diagnosis of hepatocellular carcinoma, permitting more effective treatment and a broader spectrum of treatment modalities for patients with advanced hepatic disease.
Introduction
Hepatocellular carcinoma (HCC) is a common malignant tumor, with high morbidity and mortality, which affects patients worldwide. Approximately 564,000 novel cases of HCC are diagnosed each year (1, 2) . HCC is particularly common in Asia due to a high prevalence of chronic hepatitis B virus (HBV) and hepatitis C virus (HCV) infections. In China, HCC has been the second-leading cause of cancer-associated mortalities since the 1990s (3). The majority of HCC patients in China (~80%) have co-morbid cirrhosis associated with chronic HBV infection (4, 5) . The paucity of methods for the early diagnosis of HCC results in a high mortality rate (6) (7) (8) (9) . The mean 5-year survival rate of advanced liver cancer is 3-5% (10, 11) . Although a combination of α-fetoprotein (AFP) assays with ultrasound examination is used for early diagnosis
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of liver cancer, only one-third of patients are accurately diagnosed and treated at an early stage of the disease (7) . Accordingly, identifying more effective alternative methods for the early diagnosis of hepatocellular carcinoma in patients with HBV-associated liver cirrhosis is imperative. HCC with HBV-associated liver cirrhosis is usually diagnosed through a combination of patient medical history, physical examination, imaging (ultrasound, MRI or CT scans showing a liver mass consistent with HCC), and optionally, elevated serum AFP level (>400 ng/ml). A suspicious lesion on the sonogram generally requires additional imaging studies to confirm the stage of the tumor, while their sensitivity in detecting small nodules may be low. The addition of arterial phase imaging to conventional CT scanning increases the number of tumor nodules detected, but in nodular cirrhotic livers, detecting HCC is more challenging. While the overall sensitivity of MRI is similar to that of triphasic CT scans, in patients with nodular cirrhotic livers MRI has better sensitivity and specificity. Confirmation of the diagnosis is made by fine needle aspiration or biopsy. Elevation of AFP >400 ng/ml can be used instead of fine needle cytology for diagnosis of HCC in patients with liver cirrhosis and a focal hypervascular liver lesion (>2 cm) in at least one imaging technique. Patients with potentially resectable liver mass and AFP >400 ng/ml should undergo surgery without pre-operative fine needle aspiration cytology or biopsy. Any deterioration in liver function in a patient with known liver cirrhosis of any etiology should raise a suspicion of HCC. As an increasing number of cirrhotic patients and/or HBV/HCV carriers undergo diagnostic procedures, it is likely that, in a substantial number of patients, classical echosonography will be the initial imaging technique that raises a suspicion of HCC. Subsequently, the size of lesions and the presence or otherwise of cirrhosis may affect the sequencing of tests used to diagnose HCC. Suspect nodules <1 cm should be examined with ultrasound at intervals of 3-6 months; nodules between 1 and 2 cm in a cirrhotic liver should be investigated with at least two dynamic studies (triphasic CT scan, ultrasound, or MRI with contrast). If two techniques show a typical appearance of HCC, the nodule should be interpreted as such; if that is not the case, the lesion should either be biopsied when possible or be extirpated, at the discretion of the physician. Nodules >2 cm with a typical feature of HCC found through a dynamic imaging technique, as well as any nodule associated with AFP concentration >400 ng/ml or rising AFP on sequential determinations, does not require biopsy, but should be considered as proven HCC, and appropriate treatment should be started (12) . The Barcelona Clinic Liver Cancer (BCLC) staging system was used to define tumor stage (12, 13) .
C-reactive protein (CRP) is a non-specific acute-phase protein synthesized by the liver in response to acute and chronic inflammation, and thus represents a molecular indicator of inflammation, infection, trauma and tissue necrosis (14) (15) (16) (17) (18) . Previous studies have found that the serum CRP measurement can be applied not only to assess the severity of liver damage and fibrosis in cases of fatty liver and chronic HCV, but also serves as an independent marker of poor prognosis in patients with hepatocellular carcinoma (19) (20) (21) (22) (23) (24) (25) . Elevated CRP expression has also been detected in cancers of the lung, ovaries, colon and prostate, as well as colorectal cancer and HCC (26) (27) (28) (29) (30) (31) . Therefore, the present study proposed that serum CRP has potential as a diagnostic and prognostic biomarker for multiple human cancers, including HCC. However, the usefulness of serum CRP tests in HCC and other cancers remains unknown.
A high-sensitivity CRP (hs-CRP) assay, which gives results in 25 min, quantifies low levels of CRP (as low as 0.04 mg/l) using laser nephelometry. This test has been applied to detect CRP. It is not yet known, however, whether the hs-CRP assay can improve diagnostic accuracy for HCC in patients with HBV-associated liver cirrhosis. The present study evaluated whether the hs-CRP assay can improve the diagnostic accuracy of HCC in patients with cirrhosis associated with HBV. A total of 491 candidates were recruited and analyzed. The present findings may assist clinicians in the earlier diagnosis of hepatocellular carcinoma, in turn resulting in more effective and alternative treatment modalities for patients with advanced hepatic disease.
Materials and methods

Patients.
Ethical approval for the present study was obtained from the Ethics Committee of the General Hospital of Ningxia Medical University (Yinchuan, China) and written informed consent was acquired from the candidates prior to any treatment. A total of 493 cases of patients diagnosed with HBV-associated liver disease between July 2012 and October 2014 were recruited from the Department of Infectious Disease, General Hospital of Ningxia Medical University, (Yinchuan, China). Patients with liver damage due to autoimmune status, metabolism, medication or alcohol intake, and those with acute infection, rheumatoid arthritis, gout, asthma, chronic lung disease, myocardial infarction or stroke, any of which could alter serum CRP levels, were excluded. Patients with portal vein thrombosis were also excluded from the present study. None of the included patients had been treated with any hepatoprotective, anti-fibrotic or anti-viral drugs prior to the serum samples being collected. All the included patients had a complete data set, including a full medical history, HBV markers, serum HBV DNA level, liver function, AFP level, hs-CRP assay, and magnetic resonance imaging (MRI), computed tomography (CT) and ultrasound imagery. Patients, including 47 healthy individuals, were classified into four groups: Chronic HBV (CHB) group; liver cirrhosis without HCC (LC) group; liver cirrhosis with HCC (HCC) group; and healthy control (CN) group. The demographic and clinical/pathological data are summarized in Table I. CHB was diagnosed according to the clinical practice guidelines criteria laid down by Asian Pacific Association for the Study of the Liver, European Association for the Study of the Liver and American Association for the Study of Liver Diseases (32) . LC diagnosis was confirmed by clinical symptoms, diagnostic ultrasound imaging, histopathology of liver biopsy samples, and laboratory diagnosis, including the presence of ascites, enlargement of the caudate lobe, collateral portal-venous anastomoses, portal hypertension, nodular liver contour, splenomegaly and varices (11) .
In total, 47 healthy volunteers, who had no history of alcoholism, taking medications (including traditional Chinese medicines) that could damage the liver, or autoimmune or metabolic disorders, and whose blood chemistry was normal, acted as a control group.
Patients currently undergoing, or with any history of, treatment with any hepatoprotective, anti-fibrotic, or anti-viral drugs were excluded from the present study. Additionally, patients and healthy volunteers with conditions such as infection, arthritis, gout, asthma, chronic lung disease, myocardial infarction or stroke were excluded.
Measurements. Serum hs-CRP levels were assayed by Ultra ion immuno-turbidmetric detection kit (Shanghai Changzheng Biological Company, Shanghai, China). Serum AFP levels were analyzed with a chemiluminescence immunoassay analyzer detection kit (Shanghai Abbott Pharmaceutical Co., Ltd., Shanghai, China).
Immunohistochemistry (IHC).
Liver tissue samples were stained with Masson Trichrome (ab150686; Abcam, Cambridge, UK) and examined by two independent liver pathologists. For CRP staining, samples were cut into 3-5 mm sections, formalin-fixed and embedded in paraffin. The sections were then dewaxed, rehydrated, and incubated in 3% hydrogen peroxide to quench endogenous peroxidase activity. The samples were incubated with anti-CRP primary antibody (dilution, 1:1,000; bs-0115R; Hotgen Biotech, Beijing, China) and secondary antibody (HRP-labeled anti-rabbit; dilution, 1:5,000; BA1003; BosterBio, Wuhan, China) overnight at 4˚C. Subsequently, 3,3'-Diaminobenzidine Substrate Chromogen System (Dako; Agilent Technologies, Inc., Santa Clara, CA, USA) was used to detect positive staining. Images were captured using an Olympus E520 microscope (Olympus, Tokyo, Japan). Protein expression was semi-quantified as follows: The positive staining intensity was scored according to the number of cells exhibiting cytoplasmic and nuclear staining, using the following classification system: 0, no staining; 1, nuclear staining in <10% of cells and/or weak cytoplasmic staining; 2, nuclear staining in 10-50% of cells and/or distinct cytoplasmic staining; and 3, nuclear staining in >50% of cells and/or strong cytoplasmic staining. The positive staining intensity (scale 0-3) and the percentage of positive cells (0-100%) were determined and multiplied to produce a final score (0-300). The same experienced pathologists analyzed the IHC data to maintain consistency.
Statistical analysis. Statistical analyses were performed using the SPSS v17.0 software package (SPSS Inc., Chicago, IL, USA). Quantitative data is expressed as the mean ± standard deviation. The differences between abnormally distributed data were compared using a Wilcoxon rank-sum test, while means from normally distributed data were compared using Student's t-test. A χ 2 test was used to analyze the count data, while Spearman's rank correlation coefficient was applied to analyze correlation. The area under the curve (AUC) was calculated using receiver operator characteristic (ROC) curve analysis. P<0.05 was considered to indicate a statistically significant difference.
Results
Baseline demographic and clinical characteristics.
A total of 493 cases of previously untreated patients with HBV-associated cirrhosis were recruited into the present study. The patients were classified into CHB (137 cases, 27.79%), LC (169 cases, 34.28%) and HCC (187 cases, 37.93%) groups. An additional 47 healthy volunteers were recruited as an age-matched control group (Table I) .
CRP expression in human tissues.
To further validate CRP expression in HCC and non-tumor liver tissues in patients, immunohistochemical analysis was employed to detect the presence of CRP in 126 cases of non-tumor tissue samples and 134 cases of HCC tissue samples. IHC analysis showed that CRP is abundantly expressed in HCC tissues, but not in non-tumor tissues. CRP-positive staining was mainly found in parenchymal cells, but several non-parenchymal cells also showed positive staining of CRP (Fig. 1) (Table III) .
ROC curve analyses of serum hs-CRP and AFP levels for the diagnosis of HCC.
ROC curve analysis was used to clarify the optimal cut-off value of CRP expression in the diagnosis of HCC. The ROC curve showed that the sensitivity and specificity of serum hs-CRP levels for the diagnosis of HCC were 84.16 and 61.59%, respectively [95% confidence interval (CI), 0.867-0.933], while those of serum AFP for HCC diagnosis were 74.42 and 55.63%, respectively (95% CI, 0.778-0.864). The AUC of CRP and AFP levels for HCC diagnosis were 0.903 and 0.824, respectively. The optimal cut-off levels for serum CRP and AFP in the diagnosis of HCC were 2.17 mg/l and 20 ng/ml, respectively (Fig. 2) . ROC analysis showed that measurement of serum hs-CRP could differentiate between HCC and HBV-associated liver cirrhosis and increase the diagnostic accuracy for HCC. Additionally, measurement of hs-CRP and AFP together improved the diagnostic accuracy for HCC compared with all controls and either test alone (Table IV) .
Comparison of positive rates of serum CRP and AFP expression.
In the present study, 20 ng/ml AFP and 2.17 mg/l hs-CRP were regarded as the optimal cut-off levels. The results showed that 161 patients (86.1%) were positive for CRP, whereas 130 patients (69.52%) were positive for AFP (187 patients; χ 2 =14.881; P<0.001) ( Table V) . The CRP positive rate in HCC patients was increased compared with liver cirrhosis patients (χ 2 =93.761; P<0.001) (Table IV) , while the positive rate of AFP in patients with HCC was similar to that in patients with liver cirrhosis (χ 2 =2.16; P>0.01) ( Table V) . The positive rate of CRP in AFP-positive patients with liver cirrhosis was increased compared with that in AFP-negative patients with liver cirrhosis, while the positive rate of CRP in AFP-positive patients with HCC was similar to that of AFP-negative patients with HCC (Table VI) . Overall, these data indicate that serum hs-CRP measurement can raise the diagnostic accuracy for AFP-negative HCC in patients with HBV-associated liver cirrhosis.
Group -----------------------------------------------------------------------------------------------------------------------------------------------------------------
CRP staining intensity, n (%) --------------------------------------------------------------------------------------------------------------------
Discussion
Chronic inflammation has been reported to be involved in tumor initiation, promotion, progression, invasion, and metastasis (33-41). HBV-associated HCC is a typical inflammation-associated malignancy (42) (43) (44) . CRP is a sensitive acute-phase reactant and a particularly sensitive marker of inflammation and tissue damage in the liver (37) (38) (39) (40) . At present, several studies have described elevated CRP expression in cancer cells and tissues, including HCC (25-31), but whether CRP expression plays a role in the development or progression of HBV-associated HCC remains unknown. The present study aimed to determine whether CRP is expressed in the tissue of HBV-associated HCC with liver cirrhosis, and whether there is any difference in serum CRP levels between HBV-associated HCC with liver cirrhosis, HBV-associated liver cirrhosis without HCC, CHB patients and healthy control subjects. The present study found that CRP is strongly expressed in HCC tissues [including AFP (-) and (+) HCC patients], but not in non-tumor tissues. Additionally, IHC scores for CRP were significantly increased in tumor tissue samples compared with non-tumor tissue samples (P<0.05). It was also observed that serum CRP levels were significantly increased in patients with HBV-associated HCC compared with patients with HBV-associated liver cirrhosis without HCC, CHB patients, and the healthy control group (P<0.05). On the basis of the aforementioned data, the present study hypothesizes that CRP plays an important role in the development and progression of HCC, and serum CRP level has potential as a diagnostic and prognostic biomarker The diagnostic cutoff values of serum CRP and AFP were 2.17 mg/l and 20 ng/l, respectively. hs-CRP, high-sensitivity C-reactive protein; AFP, α-fetoprotein; AUC, area under the curve; PPV, positive predictive value; NPV, negative predictive value. for HCC. However, earlier studies have indicated that serum CRP measurement is not a good diagnostic marker for HCC (21) (22) (23) . It was found that serum CRP levels in earlier studies were measured with a commercial kit by a nephelometric method, whose lower accuracy limits its diagnostic efficacy. hs-CRP, an ultra-sensitive detection technology, can accurately detect low concentrations of CRP; however, whether hs-CRP measurement can improve diagnostic accuracy for HCC in patients with HBV-associated liver cirrhosis remains unknown. To further clarify the optimal cut-off value of CRP for diagnosing HCC in patients with HBV-associated liver cirrhosis, ROC curve analysis was performed. The results showed that the sensitivity and specificity of serum hs-CRP for HCC diagnosis were 84.16 and 61.59%; those of serum AFP for HCC diagnosis were 74.42 and 55.63% respectively. The areas under ROC curve of CRP and AFP were 0.903 and 0.824, respectively. The optimal cut-off levels for serum CRP and AFP in the diagnosis of HCC were 2.17 mg/l and 20 ng/ml, respectively. ROC analysis indicated that measurement of serum hs-CRP could differentiate HCC from HBV-associated liver cirrhosis and increase the diagnostic accuracy for HCC. Additionally, measurement of hs-CRP and AFP together improved the diagnostic accuracy for HCC compared with all controls compared with either test alone.
Since the identification of AFP in the 1970s, AFP has been the only serologic marker widely used in HCC diagnosis. However, its diagnostic power has been continuously questioned and debated. For example, elevated serum AFP was only observed in 60-70% of HCC patients, while the proportion was just 33-65% in patients harboring HCCs <3 cm in diameter (7, 8) . In addition, the non-specific elevation of serum concentrations of AFP may be present in patients with non-malignant chronic liver disease, such as patients with chronic HBV (15-58%) and patients with liver cirrhosis (11-47%) (7, 8, 11, 28, 45) . Therefore, the efficacy of AFP as a biomarker for HCC diagnosis has been questioned. The development of more effective alternative diagnostic methods to complement AFP is urgently required to improve clinical outcomes. In the present study, 20 ng/ml AFP and 2.17 mg/l hs-CRP were regarded as the optimal cut-off levels for the diagnosis of HCC. The results showed that 86.1% of HCC patients were positive for CRP, whereas 69.52% of HCC patients were positive for AFP. The CRP positive rate in HCC patients was increased compared with liver cirrhosis patients, while the positive rate of AFP in patients with HCC was similar to patients with liver cirrhosis. The positive rate of CRP in AFP-positive HCC patients was similar to the rate in AFP-negative HCC patients. These results indicated that serum hs-CRP measurement is able to differentiate between HCC and HBV-associated liver cirrhosis, and the diagnostic accuracy for AFP-negative HCC with HBV-associated liver cirrhosis was increased. However, the association between CRP and HBV-associated HCC is more complicated than expected. Serum AFP and CRP are also frequently elevated in patients with chronic HBV and HBV-associated liver cirrhosis who do not have HCC. Yang et al (46) recently reported that in cases where there is a delayed response in AFP levels to entecavir in patients with elevated AFP levels, this delay acts as an indicator of high HCC risk (46, 47) . However, the clinical significance of CRP response to antiviral treatments remains to be fully studied. Thus, the diagnostic value of serum CRP level for HCC diagnosis requires additional investigation.
Serum hs-CRP level may be an effective diagnostic metric to complement AFP level in diagnosing HCC and improving the identification of patients with AFP-negative HCC in cases of HBV-associated liver cirrhosis. The present findings may improve the early diagnosis of hepatocellular carcinoma, permitting more effective and alternative treatment modalities for patients with advanced hepatic disease.
